Abstract: β-Catenin acts as a structural protein at cell-cell adherens junctions and as a transcription activator mediating Wnt signal transduction. Altered β-catenin expression has been associated with loss of cell differentiation and acquisition of an invasive phenotype. In the present study, β-catenin expression was compared immunohistochemically between oral squamous cell carcinoma (30 cases) and verrucous carcinoma (30 cases), and correlated with different histological grades of oral squamous cell carcinoma. Positivity for β-catenin was seen in 17 cases (56.6%) of oral squamous cell carcinoma and 25 cases (83.3%) of verrucous carcinoma, and was significantly correlated with the grade of oral squamous cell carcinoma, whereas no significant correlation of β-catenin expression was observed between oral squamous cell carcinoma and verrucous carcinoma. In oral squamous cell carcinoma, the number of β-catenin-positive cases and the intensity of expression decreased as cancers became more poorly differentiated. Decreased membranous localization and intense cytoplasmic staining were observed in poorly differentiated squamous cell carcinoma. In verrucous carcinoma, β-catenin was demonstrable mainly in the membrane. Down-regulation of β-catenin was significantly correlated with lack of differentiation in oral squamous cell carcinoma. Reduced membranous expression and predominant cytoplasmic localization were prominent among higher-grade tumors, suggesting stabilization of β-catenin and its role as a signaling molecule. Predominant membranous expression in verrucous carcinoma was similar to that observed in well differentiated squamous cell carcinoma, thus corroborating its role in cell adhesion in these subgroups. (J Oral Sci 52, 633-640, 2010)
Introduction
Cell adhesion molecules play important roles in cell development, differentiation, induction of cellular morphogenesis and maintenance of structural integrity (1) . They also participate in a large variety of signal transduction events that are important for regulating cell adhesion, motility, growth, apoptosis and specific gene regulation (2) . Consequently, molecular mechanisms of cell adhesion have been considered to be key components in the metastatic cascade, involving many interactions between tumor and host cells in angiogenesis, proteolysis, motility and invasion (3, 4) . β-Catenin, a 92-kDa protein, plays Aberrant β-catenin expression in the histologic differentiation of oral squamous cell carcinoma and verrucous carcinoma: an immunohistochemical study Lankesh B. Laxmidevi 1) , Punnya V. Angadi 2) , Rekha K. Pillai 3) and Chethana Chandreshekar Original different roles in the cell as both a structural protein at cellcell adherens junctions and a transcriptional activator mediating Wnt signal transduction (5) . β-Catenin forms complexes with E-cadherin and α-catenin to establish links with the actin cytoskeleton. Any disruption of β-catenin binding, or deletion of the gene, leads to loss of cell-cell adhesion and disorganization of cells (6, 7) . Nonjunctional/free β-catenin is sequestered in a complex with the adenomatous polyposis coli (APC) molecule, and with GSK3β (serine-threonine glycogen synthetase kinase), along with an adapter protein, axin, enabling phosphorylation and degradation of β-catenin by the ubiquitin proteasome system (8, 9) . This is regulated by the Wnt signaling pathway, which plays a central role in cell adhesion, proliferation, differentiation, and epithelial mesenchymal transition (10, 11) . Activation of Wnt signaling increases the stability of β-catenin by inactivating GSK3β, and as a consequence, the cytoplasmic level of β-catenin increases (12) . This stabilization of cytoplasmic β-catenin results in an increased nuclear level of β-catenin, leading to formation of a complex with the T cell factor/lymphoid enhancer factor (TCF/LEF) family of transcription factors, which recruit components of the transcriptional machinery and cause activation of target genes (12, 13) including, for example, cyclin D1, a critical cell cycle regulator (14) (15) (16) . These mutations stimulate cell proliferation and the development of various neoplasms (12) . Furthermore, loss or down-regulation of β-catenin protein at the membrane has been associated with reduced intercellular adhesion (16) . Alteration of β-catenin expression has thus been associated with loss of differentiation and acquisition of an invasive phenotype in a range of tumors (17) (18) (19) (20) (21) (22) (23) . Several studies have evaluated the expression of β-catenin in oral squamous cell carcinomas (OSCC) (24) (25) (26) (27) (28) (29) (30) , but no such studies have focused on verrucous carcinoma (VC). Therefore, the present study was undertaken to evaluate the expression of β-catenin in these two neoplasms to assess its possible role in tumor progression, differentiation and behavior.
Materials and Methods
This laboratory-based study involved the use of buffered formalin-fixed, paraffin-embedded tissues of histopathologically diagnosed cases of OSCC and VC retrieved from the files of the Department of Oral Pathology and Microbiology, Shri Dharmasthala Manjunatheswara College of Dental Sciences, Dharwad, Karnataka. The study protocol was approved by the institutional ethics committee.
A total of 60 cases were evaluated immunohistochemically for β-catenin expression. These included 30 cases of OSCC i.e. 10 cases each of well differentiated (WDSCC), moderately differentiated (MDSCC) and poorly differentiated (PDSCC) squamous cell carcinomas and 30 cases of VC. The diagnosis of VC was established on the basis of an exophytic tumor with endophytic proliferation of minimally dysplastic epithelium in the form of broad bulbous rete ridges which extended below the level of the surrounding mucosa. The surface usually exhibited hyper-keratinization and clefts plugged with keratin (31) . The diagnosis was confirmed by two oral pathologists using sections stained with hematoxylin and eosin.
Immunohistochemistry
Two or three serial sections 4 µm thick were prepared and placed on silanized slides. The sections were deparaffinized and rehydrated through xylene and descending grades of alcohol. Antigen retrieval was carried out in a pressure cooker in 10 mM citrate buffer (pH 6.0) for 2 to 5 min.
The sections were then incubated after covering them with 3% hydrogen peroxide for 15 min to block any endogenous peroxidase activity, and then incubated with primary anti-β-catenin monoclonal antibody (DAKO Cytomation, USA, clone β-catenin-1) for 4 hours at room temperature using an optimal dilution of 1:50.
After further incubation with the secondary antibody (45 min) and streptavidin peroxidase (30 min), visualization was performed using freshly prepared diaminobenzidine (DAB) chromogen for 10 min. The slides were finally counterstained with Harris hematoxylin.
For each batch of slides, a negative control in which the primary antibody was replaced by Tris-buffered saline and a positive control of normal epithelium ( Fig.1) were used. A brown-colored product on the membrane, cytoplasm and nucleus was considered to be indicative of positivity. The slides were assessed for staining intensity, which was graded as mild (1), moderate (2), or intense (3), and the localization of the antigen was also analyzed. Two other observers (the second and third authors) evaluated the slides to eliminate any interobserver bias.
A rank sum two-sample Mann-Whitney U-test was used for comparison and correlation between OSCC and VC and between different grades of OSCC.
Results
Normal epithelium that had been used as a control exhibited strong homogeneous β-catenin expression at the membranes (Fig. 1) . Positivity for β-catenin was seen in 17 cases (56.6%) of OSCC and 25 cases (83.3%) of VC. Among the OSCCs, WDSCC was positive in 10/10 cases ( Fig. 2A and B) , MDSCC in 4/10 cases (Fig. 3A) and PDSCC in 3/10 cases (Fig. 3B) . The grades of staining intensity are shown in Table 1 . Table 2 shows the localization of β-catenin expression in the different groups of carcinomas. The number of positive cases and the intensity of staining decreased with increasing grade in OSCC, whereas in VC 11 cases were mildly positive and 7 cases each were moderately and intensely positive for β-catenin.
Regarding the localization of β-catenin, a decrease of membranous staining and intense cytoplasmic staining were observed in PDSCC relative to WDSCC and MDSCC. In VC, β-catenin was demonstrable mainly in the membrane (Figs. 4A and B) .
There was a significant (P < 5) correlation of β-catenin expression between MDSCC and PDSCC, and between WDSCC and PDSCC. However, there was no such significant correlation between OSCC and VC (Table 3) . 
Discussion
Adhesion between adjacent epithelial cells and between cells and extracellular matrix plays a significant role in tissue morphogenesis in embryos and in the maintenance of complex differentiated tissues in adults (8) . Reduced cell-cell adhesion is associated with loss of contact inhibition for proliferation, thereby allowing escape from growth control signals, and triggering carcinogenesis (32, 33) .
β-Catenin, an important component of the E-cadherincatenin adhesion complex, plays a dual role (34, 35) as a structural protein at cell-cell adherens junctions and as a Table 2 Localization of β-catenin in the various groups of tumors studied Table 3 Statistical analyses of differences in β-catenin immunostaining in various groups of tumors Table 1 Positivity for β-catenin and its degree of intensity in different groups of oral squamous cell carcinomas and verrucous carcinoma transcriptional activator mediating Wnt signal transduction (10, 36, 37) . Altered/reduced β-catenin expression has been associated with loss of differentiation and acquisition of an invasive phenotype. Such altered β-catenin expression can be attributed to mutated APC gene products, and also mutations in the axin 1 and β-catenin genes. These mutations can lead to decreased degradation of β-catenin, abnormal phosphorylation, and activation of receptor kinases, with the consequence that β-catenin becomes unable to bind to E-cadherin (5, 37) . In various studies, altered/reduced expression of β-catenin has been correlated with histological grade, an aggressive phenotype, prognosis, and an increased risk of invasion and metastasis (20, 38, 39) . In a study of head and neck squamous cell carcinoma, β-catenin was suggested to function mainly as an adhesive, and not as a signaling, molecule (4) . It has been suggested that β-catenin is a potent oncogene product (33) , and its accumulation has been implicated in tumorigenesis in various tumors, although decreased expression has also been found in esophageal, colon, gastric, breast, prostate and oral cancers (21, 27, 40, 41) .
In the present study, levels of immunohistochemical expression of β-catenin were analyzed in OSCCs of different grades -WDSCC (10 cases), MDSCC (10 cases) and PDSCC (10 cases) -and also in 30 cases of VC, to elucidate its role in these tumors.
We found that 56.6% of OSCCs were positive for β-catenin, in accordance with studies done by William et al., (24) and Baggutti et al., (27) , who reported corresponding figures of 66.6% and 68.2%, respectively. However, a high percentage of positivity (80%) was reported by Gao et al., (29) .
In the present study, 43.3% of OSCC cases did not express β-catenin, which was similar to figures reported by William et al., (33.3%) (24) and Baguti et al., (31.8%) (27) , but in contrast to that of Gasporoni et al. who did not report any negative expression. (28) These variations might have been attributable to the fixation process, the type of antibody (monoclonal/polyclonal), or the immunohistochemistry procedure employed. Our study employed a proper protocol with appropriate positive and negative controls with each batch of staining.
Among the different grades of OSCC, all (100%) of the cases of WDSCC, 4 (40%) of the MDSCCs and 3 (30%) of the PDSCCs showed positivity for β-catenin expression. This was in accordance with the study of Ueda et al., (30) , who found that 80% of WDSCCs, 66.66% of MDSCCs and 40% of PDSCCs were positive.
A proportional decrease in the number of positive cases with increasing histopathologic grade was observed. The decrease of positivity seen in PDSCC could have been attributable to loss of the adhesive function of β-catenin and increased membranous degradation in more aggressive neoplasms.
Furthermore, in the positive cases, β-catenin expression was graded according to the intensity of staining as mild, moderate or intense, and compared among the groups. Intense staining was seen in 52.94% (9/17) of OSCCs, which appeared to be in accord with Kurtz et al., (25) , who found intense staining in 55.55% of examined cases. Mild (23.52%) and moderate (23.52%) positivity for β-catenin in the present OSCCs was contradictory to the results obtained by Ueda et al., (30) and Kurtz et al., (25) .
The staining intensity of β-catenin varied widely among the different grades of OSCC. In WDSCCs, the intensity of β-catenin expression varied from intense (60%) to moderate (30%) to mild (10%). These findings were comparable to those of Udea et al., (30) , especially for intense (66.66%) and moderate (33.33%) staining. In contrast, however, Gasporoni et al., (28) found predominantly mild staining (68.75%), and a lower extent of intense staining (31.25%). In our present series, MDSCCs showed only intense (30%) and moderate (10%) staining intensity. Other studies have demonstrated varied expression of β-catenin in MDSCCs, being only intense (36.23%) in that of Ueda et al., (30) , but predominantly mild (75%) in that of Gasporoni et al. (28) , which was in contrast to our result. The PDSCCs in the present study demonstrated only mild staining intensity (30%) for β-catenin, which was not in accord with the study by Gasporoni et al., (28) , who observed both intense (50%) and mild (50%) staining.
The intensity of β-catenin expression was correlated with the differentiation of OSCC, showing a decrease as the histological grade increased from WDSCC to PDSCC. This could have been attributable to increased protein degradation associated with PDSCC, resulting in reduced binding, and thus creating variations in the intensity (26, 30) .
With regard to the localization of β-catenin expression, predominant membranous expression was seen in most cases of WDSCC and MDSCC, being comparable with results obtained by Yu et al., (4), Gasporoni et al., (28) and Bagutti et al., (27) . Predominant cytoplasmic staining of β-catenin in PDSCC in the present study was similar to that reported by William et al., (24) and Gao et al., (29) . β-Catenin expression in the nucleus in WDSCC (1 case) and its cytoplasmic expression in a single case of MDSCC in the present series were also reported by Kurtz et al., (25) . Predominant cytoplasmic staining may have been attributable to loss of β-catenin membrane localization due to impaired degradation of the protein, possibly due to mutations in the APC or β-catenin gene, resulting in accumulation of the protein in the cytoplasm. This would have led to β-catenin functioning inappropriately as a transcriptional activator, resulting in aggressive behavior of the tumor. Simultaneous expression in the membrane and cytoplasm suggests that the normal degradation of free β-catenin in the cytoplasm is inhibited. These mutations can also cause accelerated tumor cell proliferation through transcriptional activation of target genes such as cyclin D1, resulting in nuclear accumulation of β-catenin, as has been reported in a case of WDSCC (42) . Thus, reduced membranous expression and increased cytoplasmic expression of β-catenin in PDSCC reflects the aggressive nature of the tumor. The significant correlation observed in the present study between the histological grade of the tumor and reduction of β-catenin expression supports its role as a prognostic marker Verrucous carcinoma (VC) of the oral cavity should be considered as a clinicopathological entity distinct from the more common squamous cell carcinoma because of its unique biological behavior. This tumor shows much slower growth with a limited propensity to metastasize, thus having a better prognosis than OSCC. Significant clinical and biological differences between OSCC and VC have been found. In the present study we found that β-catenin was expressed in 83.3% of VCs, with localization limited only to the membrane. Among these positive cases, 11 showed mild positivity (44%), 7 showed moderate positivity (28%), and 7 showed intense (28%) positivity. No expression was seen in 16.67% of the cases. This appears to be the first study of β-catenin expression in VC, and thus our results cannot be compared with previous findings.
Our study demonstrated some variation of β-catenin positivity in OSCC and VC, being 56.66% in the former and 83.33% in the latter. The staining intensity was predominantly mild in VC but not so mild in OSCC. With regard to localization, β-catenin expression was only membranous in VC (83.3%), whereas in OSCC membrane staining accounted for only around 40% of cases. This might reflect the difference in prognosis and behavior of these two carcinomas. However, these differences in the localization of immunostaining were not statistically significant.
Positivity for β-catenin was observed in 100% of WDSCCs as compared with 83.3% of VCs. The intensity of β-catenin expression in VC was predominantly mild (44%), unlike WDSCC, in which the staining was predominantly intense (60%). This difference in the intensity and positivity of staining may have been attributable to the relatively small number of WDSCC samples examined. Further study with a larger sample size would be of help for comparing the two neoplasms, which are thought to have similar behavior. However, the predominant membranous expression in VC was similar to that in WDSCC, suggesting that β-catenin still plays a cell-adhesive role in these subgroups.
Down-regulation of β-catenin expression was correlated with a poor histological grade of OSCC. The reduced expression associated with increased cytologic grade probably reflects the intense proliferative activity and invasiveness of these lesions. In addition, however, our results suggest that the level of β-catenin affects the differentiation of the cells in these oral neoplasms, as decreased expression was correlated with a lack of differentiation. Reduced membranous expression and predominant cytoplasmic localization were prominent among the higher-grade tumors, suggesting stabilization of β-catenin and its role as a signaling molecule. The predominant membranous expression in VC was similar to that observed in WDSCC, corroborating the role of β-catenin in cell adhesion in these subgroups.
